HNRSHBEFZHE
51, 123301(2014) Laser & Optoelectronics Progress ©2014¢ v [ 3 5%) e a4t

BT BP #2245 R e 40 B id 16 Beht AR PLOE 1%
(RS AT

I F K #

B FEL kB R BT AR S S R B 2R B, @iV UM 310018

TE IS RGB A5 5 H A W) Uk 32 T8 1 06 1% S 9 R B ik i (g SR s vh i BB Y — 4R T —Fh A
TR 2 I 1) A5 47 T 5t 22 19 25 (BP) A 3 6 43 325 (PCA) 2 B A0 4 A 3 1 ' 3% s S SR s M A B8 vk . il i = b (a
R A6 EAY ST B IT T BP 28 9 45 119 fa 05 225 440 R 2 0 B0 SR A R 4% L 90 0E T SN IR RS B L SRS S SRR R
TE 1Y) BP M2 N 45 A1 A2 T8 43 BT R 25 R Bk AR A8 RS At A4 [R] 25 (0 R 1 2R TG RS I AR .

KR I YEIE EA; F o0 ik 2 4% B AH AL

FESES 0433.1 SCERARIRED A doi: 10.3788/LOP51.123301

Spectral Reconstruction Algorithm of Digital Camera
Based on BP Neural Network and Principal Component Analysis
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Abstract Reconstructing the spectral reflectence of the object surface from RGB signals of digital camera is
one of the important studies of spectral color managament. A new algorithm based on back propagation (BP)
neural network and principal component analysis (PCA) is proposed to realize the spectral reflectence
reconstruction of color atlas. The optimal structure of BP neural network and the number of principal
components are studied in the spectral reflectence reconstruction experiments of three color atlases and the
accuracy of the algorithm is also testified. The experimental results show that the new algorithm of appropriate
BP neural network combined with PCA is satisfied to accurately reconstruct the spectral reflectence of the same
kind of color atlas.

Key words visual optics; spectral reconstruction; principal component analysis; neural network; digital camera
OCIS codes 330.1690; 330.1710; 330.6180

1 5 =

KA AR D — b A R PRLAG an A B AE LA L3 AR R | BT A I 25 A7 L AR A 3 T 32 1
R BORS AR ML A L1 B RRAE AR ™ A D Dl i B0 A B T B PR AR B T S . SR N L
22 [ 45 A S (B 0 SR AR 285 5 D7 16 S 00 T 2 5 T RIOUE I 2% 4 T 1) U 3 18 50RH AR AILA 5% Munsell (5K 1'%
TR o PRI ZAF PR JETT 00 Hr i A 22 SR R 5 IR S TSR H RO TR T T RE B e B A AL
FOLTE SR RE o K 2 A PSR A R 2 ALY R T A IA SE B T B = 0 B TR S R B
JEE A o B 1) £% B (BP) #2828 5 3= 50 70 Hr vk A 405 4 119 5 12 BB 408 2 B 40 il (031 49 PRT 5 0y v A JRE DG B
ey R AL R TR AR AL A O 1 AL 1 R DL ARG o AR SORESR T BP 2R 0 2% A 32 50 00 A 5 AR 4 A R B 1 5
PR ALY G T AL, JF 20 31 2R 1 3Bl (R B0 IE 1 %Ak A AR .

2 OLIEEMT L
GG IR YRR AR o (R TR R R, o MORBEIER ML, N R R T8 5T )1t

Y5 B H: 2014-05-19; Y B i& 2075 B H#3: 2014-06-26; M 2% H kR B #3: 2014-10-31
EERN: 5 976—), 5 b m g TR, 322N R B R R AR I A 0 AR S5 5 T 4 BT o

E-mail: wangyong_zju@163.com

123301-1



51, 123301(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

AT — L AL B, B

nRy., =Ry, ~RIR,,, €Y
K nR,, ., NH—ALIE RS, R AR, 53 318 6 1% 35 (8 FIAR 1 O 2% o
ICHERIE A R E ={e,eyn..ne,) , WIHEF SERT A9 K(K < M) A~ HRAE 1) B Bl BR Al 32 o0 1) &, #9632 0 46 1
E. . »WIDGTE B 5 2550 B ] 3Rk
nRy =Sy B s ©))
A Sy AETCRBEN . B EBPHAMLE Y, BB MILRR vV, EHS5ETREHER S, .,
AR LR PR WS G R BVAEAE
Svek =V Vien, ) - 3)
3 YIRS B T F K, DEIEIE R bR 2 R, DIRAZ MLV, X T R g 4
BEAR Vo, OV, R SRS REAR RO, 23l i (3)2 ()20 (D 2R 32 51 0T F A 4G I SEREAOGTE R, L, o
TG A RS BE I PR A 4 IS Y O AR 25 W (SRMSE) P A 2 25 PE M [R]85 3% R M AN P
0 22 PFA K D50 G TR\ CIE1931 A5 i (0 B WL 5% & A1 CIEDE2000 4 22 A 20, e/ AE,, o A58 K br i A
JEUEFN D65 JEUE T T A B S 0 B i) ) € S5 3% 22 S (EPE 0 6% A 0 ) Sk e i L R R g 22 R A S
EPGNLIE

3.1 XWHMRIRE
Ko ML HERE EOS 60D, BRI Dy i B T /R JL B0t , SC g st i o = P o BRARALOG I O /7.1, B S [R]

1/5 s, TG, £E 1 =62 mm, TGN DG, 31 B HTR F X-Rite 9 A @ @R X AL T H SR IE . ARk
#% X-Rite /1Y Digital ColorChecker SG(96 > & , 2 B 14 Ji iy b % 4 8 ) 1CVE SG, 9 7K 380 7 B R T B 4 1Y)
TG~ C100M100Y20K20(144 4 2,5 Fl C100M100Y20K40(144 4> 3, 43 Sl /E SK1 Fi1 SK2., H v SK1
R A 1) s, C100 %758 Cil 2 5 0.5.10.20.30.40.50.60.70.80.90.100, M100 & ¥ 5 C100 A 7] ,
Y20 3R/ Yl 20020, K20 & 5 Y20 4H[R] . SK2 & -RANE 1(b) R, 5 SK1 AR A [R] 14 2 K 25 i HUE 2 40,

() s - Em

e [ [ [ [ 1 ]
B ]|
K1 (a) SK1€-FR; (b) SK2 8
Fig.1 (a) SK1 color atlas; (b) SK2 color atlas
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Table 1 Measure precision of the Eye-One Pro

SRMSE /10 L, AE,,
avg min max avg min max avg min max
M, &M, 0.360 0.013 7.600 0.038 0.001 0.369 0.147 0.003 1.189
M, &M, 0.450 0.014 8.680 0.041 0.002 0.385 0.202 0.027 1.940
M, &M, 0.310 0.013 2.760 0.032 0.002 0.177 0.148 0.010 1.885
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Table 2 Average SRMSE (x107) between original and reconstructed spectrum by PCA

Principal component SG SK1 SK2
number avg max avg max avg max
3 2.98 7.74 0.36 1.39 0.23 0.72
6 1.16 3.42 0.06 0.19 0.03 0.11
9 0.43 1.10 0.02 0.05 0.01 0.03
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Fig.3 Average SRMSE of SK1 and SK2 spectra rescontructed by BP net using defferent hidden units numbers.
(a) SK1; (b) SK2
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Fig.4 The best and the worst five spectra rescontructed and their original in SK2 testing set according to SRMSE values.
(a) The best; (b) the worst
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Table 4 Two patches in SK2 testing set with similar spectrum and big color difference

Original Recovered SRMSE /
Patch Ilum. AE(m .
X Y Z X Y Z 107
) D65 8.153 7.378 5.020 8.215 7.540 5.000 28.508 0.20
A 7.879 7.946 15.545 7.918 8.148 15.433 1.702 ’
5 D65 3.384 3.098 3.411 3.509 3.093 3.363 36.730 0.26
A 3.844 3.587 10.710 3.882 3.537 10.572 1.234 '
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Fig.5 Spectra of the two patches in SK2 testing set with similar spectrum and big color difference
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Table 5 Performance of spectra reconstructed by PCA and BP net of SK1 and SK2

SRMSE /10 E, AE,,
Atlas
avg max avg max avg max
SK1 train 0.533 1.475 0.434 4.513 1.214 7.212
test 0.593 1.554 0.709 3.722 1.404 24.653
SK2 train 0.470 1.047 0.531 3.275 1.202 10.221
test 0.610 2.288 0.827 5.057 1.581 11.485
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Fig.6 Average SRMSE of SG spectra reconstructed by (a) 3—n—6 and (b) 3-n—9 BP net using defferent
hidden units numbers
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Table 6 Performance of spectra reconstructed by PCA and BP net of SG

SRMSE /10 E, AE,,
BP net
avg max avg max avg max
3-95-6 train 1.799 3.786 1.043 5.637 2.097 12.819
test 4.062 8.123 3.843 13.049 3.402 11.852
3-95-9 train 1.658 4.199 1.159 5.563 2.417 18.740
test 3.266 7.011 3.111 10.801 6.560 35.622
WA SCRY OGS TR RS 278 SCER A S5 SR AT LB S5 ROR TR 7. AT WA SO H A B 06 3R A5 T 84
ARG T F R RS
RO E M LR L
Table 7 Performance comparison of different spectral reconstruction algorithms
SRMSE /10~ E, AE,
Algorithms
avg max avg max avg max
PCA & BP net 0.593 1.554 0.709 3.722 1.404 24.653
Ref.[4] 2.340 / / / / /
Ref.[5] 2.120 10.310 / / 1.774 6.228
Ref.[6] 1.120 10.140 / / / /
4 45 B

f& 2R I BP M 28 0 26 F1 32 50 3 B 1k 285 5 19 07 15 58 B BT AR BIL B9 RGB {5 -5 JE 4G 47 488 X 5 1 Dl 3
B R A5 B o S A5 AR W% 07 vk REAE USRS T 1 5 1 e 3 ARG I, BP M 28 0 2% 45 5 D0 M ik 2R AT
TS AR BIL A9 5 1% F ARG B2 5 DI 4 O i 6 50 2R U, A R I A R A B 5 o, B 608 A SR A 46 4 O RE AR R 4K, U
T 55 1Y BP 28 R0 2% 45 4 0T LARAT AR s B 6 AR B (0 B G — EOPR B Lr DU R 2% 45 A B
o RN GR A N EEAS (9 22 S BOK, HNZREERE AR A e 20 9 AU, D0 X L 045 B AR A9 016 335 3244 S
JE o MR A I 2 R BT W 26 A A 2 R BUE S LR, 3R I8 A 56 4R Ot 3% HE ARG B2 A R BOR A ik
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